Abstract
NaOH-soluble iodine and insoluble iodine have been determined for 129 I and 127 I in the 18 aerosols collected at Risø, Denmark, during March and May, 2011 (shortly after the 19 Fukushima nuclear accident) and in December, 2014. The measured concentrations of total 20 iodine are in the range of 1. ) is estimated to be negligible (less 23 than 6%) compared to the total 129 I concentration in the northern Europe. The concentrations 24 and species of 129 I and 127 I in the aerosols are found to be strongly related to their sources and 25 atmospheric pathways. Aerosols that were transported over the contaminated seas containing 26 higher concentrations of 129 I than aerosols transported over the European continent. The The atmospheric chemistry of iodine has attracted increasing attention in recent years, in part 13 because of its central role in governing the geochemical cycling of iodine, and also for its 14 influences on ozone depletion, primary particle formation, and global climate (Carpenter 2003; 15 O'Dowd et al., 2002; Saiz-Lopez et al., 2012). Most atmospheric iodine studies to date have 16 concentrated on laboratory smog chamber experiments and modeling studies, with a paucity 17 of field measurements of atmospheric samples. Apart from gaseous iodine (e.g. molecular 18 iodine, iodocarbons) in the atmosphere, aerosols, which are colloids of fine solid particles or 19 liquid droplets in air and include dust, fume, mist, smoke and fog, contain a significant 20 fraction of iodine, and play an important role for iodine transportation from ocean to land. In 21 particular, speciation analysis of iodine in aerosols is one of critical issue to understand the 22 reactions and atmospheric processes of iodine, and develop a comprehensive understanding of 23 biogeochemical cycles of iodine in nature. 24 Most of the work on aerosol iodine speciation has focused on water-soluble iodine (WSI) 25 (Baker 2004; Baker 2005; Gilfedder et al., 2008) . Early modeling studies suggested that 26 aerosol iodate should be the only stable iodine specie as a by-product of iodine oxides 27 2 production, with negligible iodide due to transformation into gaseous iodine (McFiggans et al., Tsukada et al., 1987), which might be not easily converted to gaseous iodine before being 7 deposited on the Earth's surface. Previous observational data suggest that water-insoluble 8 iodine is abundant in aerosol particles, representing 17-53% of the total iodine (Gilfedder et 9 al., 2010). However, there is no comprehensive investigation of aerosol iodine species that 10 encompasses aqueous-soluble and insoluble iodine species. This constitutes a significant gap 11 in our understanding of the interaction among atmospheric iodine species. 12 Due to the difficulty of source identification of natural 127 extremely scarce with the only one being our previous study (Xu et al., 2015) . 6 Here, we present the results of speciation analysis of stable 127 I and radioactive 129 I in aerosols 7 collected in Denmark, in order to understand how the iodine is carried in the atmosphere and 8 to investigate transformation mechanisms between iodine species in aerosols, as well as 9 gas-aerosol exchange processes involving iodine. To our knowledge, this is the first paper to 10 address the conversion among overall iodine species in aerosols. Separation of iodine species from aerosol. The aerosol samples were analyzed for species 23 of 127 I and 129 I using a newly developed method (Zhang et al., 2015) . In brief, iodine was 24 extracted sequentially using deionized water and sodium hydroxide solutions for 25 water-soluble and NaOH-soluble iodine (WSI and NSI). Total iodine (TI) and residual 26 4 insoluble iodine (RII) were separated by alkaline ashing from the original air filters and the 1 residual filters after NaOH solution leaching, respectively. Iodide and iodate in the water 2 leachate were separated using anion exchange chromatography. Fig. 2 shows a diagram of the 3 separation procedure for speciation analysis of iodine isotopes. in the procedural blanks were measured to be about 5×10 -13 , 1-3 orders of magnitude lower 22 than those measured for the samples. All results were corrected for procedural blanks. 23 
Results

24
The concentrations of total iodine in aerosols from Risø, Denmark ranged at 1. other reactive iodine compounds must rely on electron-donors that are capable of reducing 12 high valence iodine species to iodide. One possibility is the involvement of sulfur compounds 13 (Chatfield and Crutzen, 1990). Possible reaction pathways are given in Table 3 . Gaseous SO 2 14 can be formed in nature by reactions of dimethyl sulfate (DMS) with hydroxide and nitrate. 15 Human activity is a major source of atmospheric SO 2 , globally about three times as much 16 SO 2 as natural processes (Galloway, 1995) . By associating with H 2 O, these reactions produce 17 HSO 3 -and SO 3 2-(Eqs. 1 and 2 in Table 3 ). Native iodine and other reactive species (not 18 shown) can be reduced to I -on gas-aerosol interfaces (Eq. 3 in Table 3 ). Other iodine species 19 in aerosols can be also reduced by reductive sulfur compounds to form iodide (Eq. 4 in Table   20 3 pathways of air masses than WSI. NaOH leaching is often used to extract organic substance in Taking the alkaline-leachable iodine in aerosols into account, these results are very consistent 1 with our observations from Risø (Fig. 5) 
